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ԅ . INTRODUCTION
Insulating polymers, such as PVK (polyvinyl carbazole), 
PS (polystyrene), PVP (poly-2-vinyl pyridine-co-styrene) and 
so on have been widely used as matrix materials of organic 
electronics or opto-electronics device such as EL device. They 
are deteriorated by UV irradiation or Joule heating. 
Dyes in dye-doped polymer hole transport layer in organic EL 
device are oxidized by UV irradiation, leading to a formation of 
multiple-color organic EL device1). Polymers cross-linked by UV 
rays are used as a hole transport layer in a double-layer structure 
EL device2). Organic EL device with poly-methyl phenyl-silane 
(PMPS) as a hole transport layer irradiates short wave ultraviolet 
ray3). As is stated above, when organic electronics or opto-
electronics device is manufactured, insulating polymers used as 
these matrix materials are irradiated by UV rays, and moreover 
they are exposed to UV rays in atmosphere such as sunbeam or 
ultraviolet electroluminescence.
On the other hand, the characteristics of organic EL device 
is affected by rise of temperature of glass substrate due to Joule 
heating4). However, these mechanisms have not yet been fully 
understood. In this paper, the degradation due to UV irradiation 
or heat is discussed mainly on the basis of electronic states5).
Ԇ . SAMPLES AND EXPERIMENTAL
The polymers used in this study are PVP (poly-2-vinyl 
pyridine-co-styrene), PVK (poly-N-vinylcarbazole). Each 
polymer was dissolved in 1,2 dichloromethane. A stainless 
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substrate with an Au electrode was dip-coated with the 
solution, leading to formation of a film of a few tens nm.The 
thickness was controlled by concentration of polymers in 1.2 
dichloromethane solution. Fig1 shows the chemical structure of 
PVK and PVP. In order to remove residual solution, these fi lms 
were kept at 55Ɏ in vacuum for 24 hours. Fig. 2 shows the 
confi guration of samples used.
The effect of UV irradiation on electronic states in polymer 
was investigated by utilizing of contact potential difference 
evaluated by the vibrating condenser (Kelvin) method. The 
sample was illuminated with UV ray with a 400 W mercury 
lamp in atmosphere and the contact potential difference between 
ɖഩܨഩঊࢥڠش
ŇŪŨįĳįġŔŢŮűŭŦġńŰůŧŪŨŶųŢŵŪŰůį
ŇŪŨįĲįġńũŦŮŪŤŢŭġŴŵųŶŤŵŶųŦŴġŰŧġőŗŌġŢůťġőŗőį
ķı ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల ĵĺ࣢ȁĳıĲĶ
the polymers and the reference material (Au) was measured 
with an electrostatic voltmeter (Trek320B) The temperature rise 
due to infrared rays included in mercury lamp light used was 
negligible. These measurements were carried out in vacuum of 
about 1 Pa.
The fi lm thickness was measured by an ellipsometry. The fi lm 
for optical absorption measurements was prepared by solution 
dip coating on a quartz substrate. The fi lm for IR spectrum was 
prepared on a glass and drenched in water, leading to detachment 
of the film. The film for XPS measurements (JEOL JPS-9000 
SXFJE) was about 1ȝm in thickness and was prepared on a glass 
substrate.
ԇ . RESULTS AND DISCUSSION
A.  contact potential difference
Fig.3 shows the thickness dependence of the contact potential 
difference of PVK and PVP. The contact potential of PVK for 
Au was negative and its magnitude increased as the thickness 
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increased, and then reached a constant saturated potential at 
the vicinity of 165nm. This indicates that PVK fi lms acquires 
electrons from Au electrode and that the thickness of charge-
exchange layer  is about 165 nm. On the other hand, the contact 
potential of PVP for Au was positive and its magnitude increased 
as the thickness increased, and then reached a constant saturated 
potential at the vicinity of 55nm. This indicates that PVP fi lm 
gives electrons to Au electrode and that thickness of charge 
exchange layer is about 55 nm. 
B.  Effects of UV Irradiation
Fig.4 shows the dependence of the contact potential difference 
on accumulated time of UV irradiation. The contact potential 
difference of PVK for Au was negative and its magnitude 
decreased as the accumulated time increased and then reached 
a constant saturated potential after about 10 minutes. On the 
other hand, the contact potential of PVP for Au decreased as the 
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accumulated time increased. Fig.5 shows the estimated change 
of Fermi level of PVK and PVP after UV rays were irradiated 
for 10 minutes. Fermi level of PVK increased about 0.20 eV and 
that of PVP decreased by about 0.18 eV.
XPS spectra of PVK 6) shown in Fig.6 in order to clarify 
the mechanism of the increase of Fermi level caused by UV 
irradiation. The O-1s peak of PVK increased as the time of 
irradiation increased. OKLL peak due to auger electron at 755 
eV also increased. These results suggest that molecular chain of 
PVK was cut by the UV rays, leading to promotion of oxidation 
of PVK. Small peak of O-1s observed in PVK without UV 
irradiation indicates that PVK was oxidized in an atmosphere. 
The rate of increase of O-1s peak decreased as the time of 
UV irradiation increased. This suggests that oxidational layer of 
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PVK is thin surface region, corresponding to the saturation of 
contact potential difference of PVK shown in Fig.3 (a). 
Fig.7 shows XPS spectra of C1s state.  C=O, C-O oxidation 
bond appeared as the time of UV irradiation increased. These 
results suggest that the origin of O-1s peak is C=O or C-O 
oxidation bond and that the increase of Fermi levels of PVK is 
considered to be due to formation of electronic trapping levels 
caused by oxygen atom with large electronegativity.
Fig.8 shows valence band spectra of PVK. The low binding 
energy peaks became broad and their intensities increased as the 
time of UV irradiation increased. These suggest that the scission 
of molecular chain and oxidation of PVK were promoted and 
the density of states in valence band increased as the time of UV 
irradiation increased.
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C.  Effects of Heat Treatment
In order to investigate the effect of heat treatment on 
electronic states, the contact potential difference of PVK and 
PVP was measured (Fig.9). The heat treatment was carried 
out by holding the sample at 100 Ɏ or 200 Ɏ for 24 hours in 
vacuum. The contact potential difference of PVK heat-treated at 
100 Ɏ was negative and almost equal to that of PVK untreated 
at 100 Ɏ but magnitude of contact potential difference of PVK 
heat-treated at 200 Ɏ was larger. On the other hand, magnitude 
of contact potential difference of PVP untreated was positive and 
almost equal to that of PVP heat-treated at 100 Ɏ but magnitude 
of contact potential difference of PVP heat-treated at 200 Ɏ was 
smaller.
Fig.10 shows the estimated change of Fermi level of PVK 
and PVP after heat treatment at 200 Ɏ . Fermi level of PVK 
decreased about 0.07 eV and that of PVP decreased by about 
0.28 eV. Fermi level of PVK increases by UV irradiation but 
it decrease by heat treatment. It is reported that the quality of 
crystallinity of PVK rises by heat treatment7). Therefore, it is 
possible that the decrease of Fermi level is caused by the change 
of morphology.
Fig.11 shows the dependence of UV visible absorption 
spectra of PVK on heat treatment in vacuum. The absorption 
spectra scarcely changed with the heat treatment. Fig.12 shows 
the UV visible absorption spectra of PVK heat-treated in air. 
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The absorption in the wavelength region shorter than 300nm 
increased. These results suggest that the change of absorption 
spectra in air shown Fig.11 is due to oxidation during the heat 
treatment in air causes degradation of PVK. Further study 
concerning the connection between electronic state and oxidation 
due to heat treatment in air is required.
Ԉ . CONCLUSIONS
The effect of UV irradiation on surface electronic states of 
polymers have been investigated. The results were summarized 
as follows
(1)Charge-exchange layer of polymer matrix materials become 
thin by UV irradiation
(2)The Fermi level of PVK became higher with UV irradiation. 
On the other hand, the Fermi level of PVP became lower with 
UV irradiation. 
(3)The change of Fermi level of PVK is considered to be due to 
the formation of trap level due to oxidation.
(4)The density of states in valence band increases with UV 
irradiation.
(5)The Fermi level of PVK and PVP became lower with heat 
treatment in vacuum. 
The electronic states in polymer matrix is changed by UV 
irradiation, and it is possible that electronic conduction or 
carrier injection in organic electronics or optoelectronics device 
is affected by the UV irradiation. Further study, such as the 
connection between electronic state and electronic and optical 
properties is required for clarifying the effect of UV irradiation 
and heat treatment.
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